Soil Organic Carbon (SOC) plays a major role in nutrient cycling as the primary sink and source of plant nutrients, water holding, soil infiltration, soil aggregation and soil health. This study was conducted in the rangelands of Kermanshah, Iran within five land-use practices including normal rangeland (NR), overgrazed rangeland (OR), fired rangeland (FR), converted rangeland in rain-fed orchard (CRO) and converted rangeland in rain-fed (CRR). 57 soil samples were taken from these sites and subjected to soil samples analyses, especially soil organic carbon (SOC) and aggregate size distribution (ASD). Results showed that the respective mean SOC in the NR, OR, FR, CRO and CRR include 3.32, 1.16, 1.02, 2.13 and 1.22%. There was significantly (P≤ 0.05%) higher in NR than others. Course aggregate class in the NR and CRO were significantly (P≤ 0.05%) more than others due to light grazing and higher SOC while fine aggregate size was found significantly different from each other. Fine aggregate size was higher in the CRR (20.42 %) and OR (18.40 %) compared to NR. It occurs through, up to down the slope plough and lower SOC value. The fire and overgrazing are second and third improper activities which negatively affect SOC and soil aggregation.
INTRODUCTION
Soil Organic Carbon (SOC) plays a major role in nutrient cycling as the primary sink and source of plant nutrients, water holding, soil infiltration, soil aggregation and soil *Corresponding author. E-mail: m_ghatori50@yahoo.com. Tel: +989188301350 ‫‬ .
Abbreviations: CRR, converted rangeland in rain-fed; CRO, converted rangeland in rain-fed orchard; FR, fired rangeland; NR, normal rangeland; OR, overgrazed rangeland; SOC, soil organic carbon.
health (Lal, 1998; Youjun et al., 2007) . Due to its multifunctions, SOC depletion results from both on-and offsite impacts of land degradation, especially carbon dioxide (CO 2 ) emission. The CO 2 emission contributes to serious climate changes such as global warming, making anthropogenic carbon flux a main concern among relevant experts and decision makers during last and current decades. There are several sources for CO 2 emission such as fossil fuel combustion and agricultural activities, as well as soil degradation. It is estimated that CO 2 concentration in the atmosphere has been increasing from 285 ppm at the end of the nineteenth century to about 366 ppm in 1998 (FAO, 2001) . Plant residue is the main source of SOC in the semi-arid regions which can enhance macro aggregates (0.25 to 50 mm) of the soil. Baladok (2000) reported that small micro aggregates (<0.05 mm) were held together by SOC while macro aggregates were stabilized by rooting and plant residue. The SOC level in soil was related to chemical, physical and biological properties. However, it is affected mainly by soil physical characteristics especially soil aggregates. The contribution of coarse soil aggregates in absorbing SOC is more than in micro aggregates (<0.05 mm), but it is damaged by improper agricultural activities (such as heavy tillage practices, burning of crop residue), grazing and forest clearance. Furthermore, the coarse soil aggregates are reduced mainly by long-term conventional tillage practices. Li and Pang (2010) , studying a silty clay loam soil in China revealed that long-term (33 years) practices of this tillage reduced 22% of coarse aggregates and adversely increased 34% of fine aggregates. In contrast, converting the cropland to the forest and orchard enhanced 10% of coarse aggregates which subsequently enhanced 40 to 76% of SOC and N in the soil. A decrease in soil aggregate stability resulted in the breakdown of soil structure which can occur either externally under the impact of rain or internally due to the escape of trapped air when aggregates are heavily soaked (Gabriels et al., 2004) . Yan et al. (2008) reported that most of the soil aggregates are broken through inter-rill erosion in the Ultisols in China. Among main land-use practices, the rangeland plays an important role in C sequestration due to covering a large area in the world. It is managed mainly for livestock production covering more than onequarter of the world's lands (Asner et al., 2004) . Furthermore, rangeland soil has considerable potential SOC contributing to reduction of greenhouse gas emissions (Lal, 2004 ).
Management practices affect C level and consequently soil chemical and physical characteristics, and indirectly change plant morphology and microbial activities (Jones and Donnelly, 2004; Steenwerth et al., 2002; Stromberg and Griffin, 1996) . Management-induced changes to C cycling at local scales can also affect the global C cycle (Conant and Paustian, 2001; Schimel et al., 1990) . Unsuitable agricultural activities and land-use alteration such as heavy tillage practice, over grazing, forest clearance and crop residues burning contribute to SOM depletion and consequently CO 2 emission. Deforestation, biomass burning (such as charcoal production) and soil plowing enhances mineralization of SOC and releases CO 2 into the atmosphere (Jennifer et al., 2004) . Although, SOC depletion is mainly correlated with rainfall intensity and vegetation cover, the land use pattern and soil erosion play an important role in the variability of SOC and its dynamics (Lal, 2004) . The improper land use activities resulted in the removal of the litter layer and an increase in soil erosion and sedimentation (Collin and Gheitury et al. 2623 Kuehl, 2001) . SOC losses in the Mediterranean areas correlate with soil erosion. Morsli et al. (2006) reported that in these areas, depletion of SOC through soil erosion was more vulnerable, where soil erosion was severe on the bare soil (136 kg C ha -1 year -1 ), while there was less than 42 kg C ha -1 yearr -1 on the vegetated plots. Tillage practice through moldboard plow can expose and displace most of the top-soil resulting in SOC depletion. This plow tool can displace soil three times more than the chisel tillage (Morgan, 2005) . It is used widely in mountainous areas of Iran even for converting forests and rangelands to rainfed areas, contributing in this way to significant decline in soil organic matter in the Oak forests (Vacca et al., 2000) . In addition, the crop residues are burnt for continued cultivation without fallow period. Crop residue burning reduces organic carbon levels in the topsoil layer and expose P and K in surface soil that easily enter in the run-off (Bertol et al., 2007) .
About 80% of the agricultural lands worldwide are damaged by moderate to severe soil erosion resulting in nutrient deficiency and SOC loss (Titi, 2003) . Displacement and depletion of SOC in the steep slope and hilly areas is more sever. Karlen et al. (2008) reported that 60% of declined SOC was removed from hill-top and displaced in the drainage system due to tillage practices. Some mismanagement practices in the semiarid rangelands including overgrazing, converted rangelands into rain-fed orchard which eventually destroyed the carbon stocks of the rangelands. The objectives of this study were: i) to analyze the effects of different management practices on the SOC contents; and ii): to compare the aggregate size distribution in the different land-use practices of rangelands.
MATERIALS AND METHODS

The study area
This study was conducted in Kermanshah province which is located in the west of Iran (33° 06' to 35° 15' N and 45° 24' to 48° 30' E) with an area of 25000 km 2 (Figure 1 ). The population of this province is considerable including about 1.9 million people in 2006, 33% of whom are settled in the rural areas. This province is mainly mountainous with hilly areas of different elevations (270 to 3450 m above the sea level) while there are also vast plains occupied by agriculture, industries and urban areas. The average annual precipitation and temperature are 470 mm and 14.8°C respectively. Main land-use comprises of rangelands, forests and agriculture which certainly are characterized by Astragalus gossypinus, Quercus persica and wheat plants, respectively. However, the soil properties are mainly inherited from geological characteristics especially high level of calcite and fine grained materials due to the limestone, marl and clay stone in most layers of geological formations.
Site selection and land use patterns
Seven sites of rangelands in the Kermanshah province were selected for these studies ( grazed rangeland (OR); iii) fired rangeland (FR); iv) converted rangeland in rain-fed orchard (CRO); and v) converted rangeland in rain-fed (CRR).
Soil sampling and analyses
57 soil samples were taken from 0 to 20 cm depth during September to November 2010 in the five land-use patterns as was described in site selection and land use patterns. The soil samples were air-dried and sieved through 2 mm mesh for physico-chemical analyses including particles size distributions, aggregate size distribution, soil organic carbon, pH, EC and calcite. The hydrometer method (FAO, 1974) was used for determination of soil particles size distributions as outlined by Ryan et al. (2001) . Soil aggregate distribution was determined using wet sieving. 50 g soil (< 5 mm) was subject to soil aggregates analysis. The aggregates were categorized into five size fractions including very coarse (5.0 to 2.0 mm), coarse (2.0 to 1.0 mm), moderate (1.0 to 0.250 mm), fine (0.250 to 0.05 mm) and very fine (<0.05 mm). Organic carbon was determined by the Walkley and Black method (Nelson and Sommers, 1982) for each soil aggregate category. The pH of soils was measured by saturated paste method as outlined by Ryan et al. (2001) .
Electrical conductivity (EC) was measured by extracting the soil samples with water (1:1 water ratio) (Ryan et al., 2001 ). The carbonate of soil samples was measured by titration method using sodium hydroxide solution (Nelson and Sommers, 1982) .
Statistical analysis
The statistical analyses including ANOVA and regression carried out using SPSS software (version 19). Means comparing analysis was done between soil variables of each site and index site (normal rangeland) through one-way ANOVA (NSK procedure) at P = 0.05.
RESULTS AND DISCUSSION
Land-use practices properties
Normal rangeland (NR) is characterized by natural vegetation cover, relatively good condition, light animal grazing and low soil erosion. Respective elevation ranges, average slope, main slope direction and mean annual precipitation are 1500 to 2245 m (above sea level), 30%, northern aspect and 500 mm. Soil depth in this site is shallow mainly about 40 cm: i) Overgrazed rangeland (OR) that suffered livestock overgrazing, diminishing of desirable plant species such as Festuca ovina and Medicago sativa (plant biodiversity reduction), compacted soil due to heavy animal traffic (through animal's hooves), high potential of run-off, soil erosion hazard, especially inter-rill and rill erosions. The vegetation cover of this is dominated by annual grasses. Soil is relatively deeper, but stoniness and gravels at the surface soil are considerable. Average annual precipitation is 550 mm and minimum and maximum altitudes above sea level include 1533 to 2153 m with both northern and southern slope directions. ii) Fired rangeland (FR) that during last 10 years was subject to annual fire incidence especially arson fires. During field verification, it was seen that both vegetation and surface soil have been negatively affected by fire. Bare soil and gravels were more apparent than plant cover. Most parts of biannual and perennials plants were diminished by fire while annual plants species dominated in the site. Topographical conditions are almost the same as OR site. iii) Converted rangeland in rain-fed orchards (CRO) which for more than 10 years are planted by almond trees and vineyards. These areas mainly located in vicinity of smallholder's lands. Field survey showed that surface water is harvested through simple micro catchments for supplemental irrigation. Average elevation is 1547 m above sea level and is dominated by northern slope aspect. The slope steepness varies from 10 to 40% which is highest in Paveh site and gentle in Ravansar site (Figure 1 ). iv) Converted rangeland in the rain-fed (CRR) that carried out mainly during recent 10 years. Land-use pattern in this site characterized by up-down the slope tillage, annual crops (wheat, barley, and chickpea) cultivation and low crops yield due to shallow soil depth and hill slope. It was seen that this site contribute to siltation problem due to improper tillage practices. It is a common Gheitury et al. 2625 activity in the western part of Iran which is due to considerable annual precipitation (about 450 mm/yr) contributing to soil erosion hazard (inter-rill and rill erosion) and high runoff coefficient. The distributions of these sites are shown in Figure 1 .
Effects of land-use practices on soil characteristics
Soil organic carbon
Soil organic carbon (SOC) levels in the different land-use practices are presented in Table 2 . Mean level of SOC in the NR, OR, FR, CRO and CRR are 3.32, 1.16, 1.02, 2.13 and 1.22% respectively. The difference between minimum and maximum levels of SOC were found as 0.68 and 3.93% in OR and NR, respectively. The ANOVA analysis of SOC among land-use practices explored that there were three significant levels of SOC for land-use practice (P≤ 0.05%). The lower SOC value belong to OR, FR and CRR while this value in the NR is significantly higher than others. In addition, this value for CRO was moderate among these sites (Table 1 ). The highest level of SOC in the NR (3.32%) is related to considerable vegetation cover that was found more than 60% during field verification as well as low soil erosion hazards. The study of Schuman et al. (2002) showed that proper grazing management in the USA enhanced 100 to 300 kg/ha/year soil organic carbon which was up to 600 kg/ha/year for new grasslands. In contrast, fire, heavy grazing and up-down slope tillage practices resulted in significant reduction of SOC in FR, OR and CRR sites, respectively which negatively affect balance between input and fluxes of SOC.
The effect of different land use type on organic matter content is dependent on a balance between organic matter inputs and the degradative effect of the way of tillage and reaping (Liu et al., 2006) . Also, an investigation by Li et al. (2008) showed that heavy sheep grazing decreased about 16.5 kg of OC per ha.
Calcite
The respective average level of calcite in CRO, OR, NR, CRR and FR were 11.76, 13.25, 16.94, 18.37 and 19.66%. The minimum and maximum calcite content were found in the rain-fed orchard and fired rangeland, respectively. Statistical analyses showed that there was no significant difference (P ≤ 0.01%) among all sites for soil calcite variable (Table 3 ). It is due to geological properties which are dominated by calcareous sedimentary formations. High level of calcite consequently affects pH that is alkaline in all sites.
Soil pH
As given in Tables 2 and 3 , mean soil pH in the study *SOC = soil organic carbon, **SPD = soil particles distribution and ***soil sampling at the top-soil (0 to 20 cm). 1.6110 (a) 0.000 Calcite (%) 11.7650 (a) 13.2550 (a) 16.9400 (a) 18.3792 (a) 19.6600 (a) 0.613 (NS) pH 7.5213 (a) 7.6150 (a) 7.6267 (a) 7.6380 (a) 7.6540 (a) 0.212 (NS) EC (mDm -1 ) 0.4570 (a) 0.4680 (a) 0.4900 (a) 0.5787 (a) 0.5920 (a) 0.020
Aggregate size distribution (%) 2-5 (mm) 30.814 (b) 13.666 (a) 13.614 (a) 21.547 (b) 11.799 (a) 0.000 1-2 (mm) 24.043 (b) 16.014 (a) 21.111 (b) 22.161 (b) 15.293 (a) 0.000 0. 25-1 (mm) 30.528 (a) 35.505 (a) 40.827 (a) 33.151 (a) 34.368 (a) 0.414 (NS) 0.05-0.50 (mm) 7.208 (a) 18.386 (bc) 11.920 (ab) 13.588 (abc) 20.424 (c) 0.000 < 0.05 (mm) 7.407 (a) 16.429 (cd) 12.528 (bc) 9.553 (ab) 18.116 (d) 0.000 1 NR = Normal rangeland, 2 OR = overgrazed rangeland, 3 FR = fired rangeland,area is 7.4 indicating the moderate alkaline soil and there was no significant difference (P ≤ 0.05%) in all the sites. However, average pH was 7.41 (NR), 7.64 (OR), 7.61 (FR), 7.65 (CRO) and 7.63 (CRR). Alkaline pH value in Kermanshah Province is related to geological formation properties which mainly comprise limestone especially in surface layers. The semi-arid regions of Iran soils are moderately alkaline with pH value of 7.4 to 8.4 (Marx et al., 1999; Heshmati et al., 2011) .
Soil EC
The minimum and maximum soil EC levels in the different management practices are 0.45 to 0.78 mDm -1 indicating low EC in the study area ( Table 2 ). The respective soil EC for NR, OR, FR, CRO and CRR are 0.59, 0.47, 0.59, with no significant difference (P ≤ 0.05%) among these land-use practices. This result showed that susceptibility of these soils to salinity hazard is low. The soil with low EC (less than 2 dSm -1 ) is categorized as the non-saline soil whose salinity effects are mostly negligible (Hazelton and Murphy, 2007) .
Aggregate size distribution
Aggregate size distribution including 2.0 to 5.0, 1.0 to 2.0, 0.250 to 1.0, 0.050 to 0.250 and <0.05 mm are explained as follows:
Very course aggregate (2 to 5 mm)
As shown in Table 3 , there are verities of very course aggregate proportion in the land-use practices of study areas. Mean percentage of this aggregate size in the NR, OR, FR, CRO and CRR include 30.81, 13.66, 13.61, 21.54 and 11.79%, respectively . The maximum value of this category was found in NR (72.23%). The ANOVA analysis explored that there are two significant levels for very course aggregates. This aggregate class in the NR and CRO were significantly (P≤ 0.05%) more than other sites (Table 3) . It is clear that the high proportions of this aggregate size in the NR and CRO are related to SOC which was found significantly higher than other areas indicating the effect of management system, especially in top-soil. Differences in SOC between management systems were most evident in the top 0 to 0.20 m (Eynard et al., 2005) .
Course aggregate (1 to 2 mm)
ANOVA analysis for course aggregate size (1 to 2 mm) distribution among different land-use management revealed that there are significant difference (P ≤ 0.05%) between NR, CRO and FR compared to OR and CRR Gheitury et al. 2629 ( (Table 3 ). The lower and high levels of these aggregate sizes are due to considerable percentage of very coarse and coarse aggregate sizes in NR and adversely high amount of finer aggregate size in FR. The statistical analysis also explored that there was no significant difference (P≥ 0.44%) among all land-use practices (Table 3 ). This result indicates that soil aggregate size distribution is not affected by land-use practices, although SOC in these sites was not at the same levels.
Fine aggregate (0.050 to 0.250 mm)
In contract to moderate aggregates, fine aggregates in all land-use were found at a low ratio. The respective frequency of this category in the NR, OR, FR, CRO and CRR were 7.21, 18.40, 11.92, 13.60 and 20 .42%, respectively (Table 3 ). The ANOVA analysis showed that there are 3 different sub groups for fine aggregate size which were found significantly different (P ≤ 0.057%) from each other. It was high respective to the level NR and FR. But there is intermediate level CRO (Table 3 ). The highest proportion of fine aggregates in CRR has occurred through improper tillage practice which is mainly characterized by up to down the slope plough. Field verification showed that this tillage practice is done by moldboard plow tool. That tillage system contribute to the destruction of soil aggregates, specially course aggregate size as well as displacement of soil particles in the hilly areas (Morgan, 2005) .
Very fine aggregate (< 0.050 mm)
As revealed in Tables 3 and 4 , percentage of very fine aggregates within each land-use practice and among all sites is roughly the same as fine aggregates. There is lowest value for NR while it is highest level in CRR site. The critical levels (18.12 and 16.43%) occurred through tillage and animal traffic (animal hooves) affect CRR and OR. The study by Hevia et al. (2003) , in the agricultural areas of Argentina showed that linear decrease in SOC correlated with loss of fine soil aggregates due to erosion in continuous conventionally tilled.
Conclusion
Both soil aggregation and SOC are affected by different land-use practices in the rangelands of Kermanshah Province. Although, tillage practice is an illegal activity in the rangelands of Iran, it contributes to damage soil physical properties. The CRR activity causes significant reduction of SOC compared to other land-use practices. It also negatively influences soil aggregate size distribution reducing coarse and very coarse aggregates and adversely enhancing the fine aggregate size. Furthermore, after tillage practice, fire and overgrazing are second and third improper activities which negatively affect both SOC and soil aggregation. It is concluded that respective proper land-use practices were found in normal rangelands (characterized by light grazing) where orchard construction resulted in enhancing the SOC value as well as course soil aggregate ratio.
